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Introduction
Total knee arthroplasty (TKA) or total hip arthroplasty (THA) are considered effective procedures for the treatment of the degenerative arthritis, rheumatoid arthritis and traumatic injuries such as displaced femoral neck fractures [1] . However, patients often suffer moderate to severe postoperative pain [2] . Appropriate postoperative pain control is crucial for early ambulation, and better functional outcomes were usually achieved following postoperative rehabilitation. Moreover, optimal pain management may decrease length of stay and the risk of adverse events, such as deep vein thrombosis (DVT) and pulmonary embolism (PE) [3] .
Postoperative pain management for these procedures has been a topic of much debate for a few decades and remains controversial Various attempts have been made, including systemic opiates, local infiltration analgesia, femoral nerve block and patient-controlled analgesia with oral narcotics [4] [5] [6] . Although it has been proven effective for pain relief, consumption of additional opiates comes along with potential adverse side effects, such as nausea, vomiting, respiratory depression and urinary retention [7] [8] [9] .
Local infiltration analgesia (LIA) has been promoted for a few decades and shows excellent outcomes for pain relief after total knee and hip arthroplasty [10, 11] . A mixture comprised of a long-acting local anesthetic, a non-steroid anti-inflammatory drug and epinephrine is most commonly used. LIA is considered a promising method with few side effects and good prospects for early mobilization without the weakening of quadriceps muscle strength. Intrathecal morphine (ITM) is also an alternative simple method for postoperative analgesia. Previous studies have suggested ITM achieves satisfactory pain control [12] [13] [14] , but potentially life-threateningmorphine-related side effects were also reported.
To the best of our knowledge, direct comparisons of LIA versus ITM for pain management in joint replacement surgery have seldom been reported, leaving the optimal analgesia method in question. Therefore, we performed a meta-analysis from randomized controlled trials to evaluate the efficiency and safety of local infiltration analgesia and intrathecal morphine for pain control in total knee and hip arthroplasty.
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Methods

Search strategy
We systemically search electronic databases including Embase (1980 2016 identified from the reference of included studies. No language was restricted. The following terms was considered as key words "Total knee replacement and arthroplasty", "Total hip replacement or arthroplasty", "local infiltration analgesia", ''intrathecal morphine'' and 'pain control'' were used in combination with Boolean operators "and" or "or". The retrieval process is presented in 
Inclusion and exclusion criteria
Studies were considered eligible if they met the following criteria: 1) Published clinical randomized control trails (RCTs); 2) Patients undergoing TKA or THA surgery, experiment group received local infiltration analgesia for postoperative analgesia and control group received intrathecal morphine; 3) Reported surgical outcome including postoperative pain scores at rest and mobilization, morphine equivalent consumption, length of stay and drug-related adverse effects including nausea, vomit and pruritus. Dosage and types of local infiltration anesthetics are not limited in our search proceed. Studies would be excluded from present meta-analysis for incomplete data, cases report, conference abstract or review articles.
Selection criteria
Two reviewers independently review the abstract of the potential studies. After an initial decision, full text of the studies that potentially met the inclusion criteria were reviewed and final decision was made. A senior reviewer is consult in case of disagreement.
Date extraction
A standard form for date extraction is printed for date extraction. Two reviewers independently extracted the relevant data from the included studies. Details of incomplete data of included articles are received by consulting corresponding author. Following data was extracted:
First author names, published year, study design, comparable baseline, anesthesia methods, dosage M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 4 and type of anesthetic drug and intervening procedures. Outcome parameters included postoperative pain scores at different periods, the cumulative morphine equivalent consumption, length of stay, and drug-related adverse effects such as nausea, vomit and pruritus. Other relevant data was also extracted from individual studies.
Quality assessment
Quality assessment of included studies was performed by two reviewers independently.
Modified Jadad score (10-points scale) which was based on Cochrane Handbook for Systematic Reviews of Interventions is used for assessment of RCTs. Studies which scores greater than four points was considered high quality. We conducted 'risk of bias'' table including the following key points: random sequence generation, allocation concealment, blinding, incomplete outcome data, free of selective reporting and other bias. A consensus is reached through a discussion.
Data analysis and statistical methods
All calculation was carried out by Stata 11.0 (The Cochrane Collaboration, Oxford, United Kingdom). Statistical heterogeneity was assessed based on the value of P and I 2 using standard chi-square test. When I 2 50%, P<0.1 was considered to be significant heterogeneity, random-effect model was performed for meta-analysis. Otherwise, fixed-effect model was used. If possible, sensibility analysis is conducted to explore the origins of heterogeneity. The results of dichotomous outcomes were expressed as risk difference (RD) with a 95% confidence intervals (CIs). For continuous various outcomes, mean difference (MD) and standard mean difference (SMD) with a 95% confidence intervals (CIs) was applied for assessment.
Results
Search result
A total of 210 studies were preliminarily reviewed. By reading the title and abstracts, 206
reports were excluded from current meta-analysis followed inclusion criteria. 
Risk of bias assessment
Demographic characteristics, the details about the included studies are summarized in Table 1 .
Modified Jadad score which was based on Cochrane Handbook for Systematic Reviews of
Interventions is used for assessment of RCTs ( 
Study characteristics
The sample size of the included studies ranged from 50 to 78. 
arthroplasty surgery. There was significant heterogeneity (χ2 = 24.54, df = 3, I2 = 87.8%, P =0.000); therefore, a random-effects model was used. The result of meta-analysis showed that pain scores at 24 hours during rest was significantly higher in ITM group compared the LIA groups (SMD = -1.065, 95% CI: -1.858 to -0.272, P =0.008; Fig 2) .
Postoperative pain scores at 48 hours during rest
Four studies [10, 15-17] reported postoperative pain scores at 48 hours during rest following joint arthroplasty surgery. Statistical heterogeneity was observed in present meta-analysis (χ2 = 26.46, df = 3, I 2 = 88.7%, P =0.000); therefore, a random-effects model was applied. We found that there was no significant difference between the LIA and ITM groups regarding the postoperative pain scores at 48 hours during rest (SMD = -0.295, 95% CI: -1.077 to 0.488, P =0.461; Fig 3) .
Postoperative pain scores at 24 hours during mobilization
Three reports showed postoperative pain scores at 24 hours during mobilization [10, 15, 16].
There was significant heterogeneity and a random-effects model was performed (χ2 = 8.3, df =2, I 2 =75.9%, P = 0.016). Current meta-analysis indicated that pain scores at 24 hours during mobilization was significantly higher in ITM group compared the LIA groups (SMD = -0.620, 95% CI: -1.236 to -0.004, P =0.049; Fig 4) .
Postoperative pain scores at 48 hours during mobilization
Three studies [10, 15, 16] reported morphine equivalent consumption at 48 hours during mobilization following joint arthroplasty surgery. There was significant heterogeneity (χ2 = 14.02, df = 2, I 2 = 85.7%, P =0.001); therefore, a random-effects model was used. Present meta-analysis indicated that there was no significant difference between the LIA and ITM groups regarding the morphine equivalent consumption at 48 hours during mobilization (SMD = -0.553, 95% CI: -1.358 to 0.252, P =0.178; Fig 5) .
Morphine equivalent consumption at postoperative 24 hours
Morphine equivalent consumption at postoperative 24 hours was presented in four studies [10,
-17] following joint arthroplasty surgery. There was significant heterogeneity (χ2 = 20.46, df = 3, I 2 = 85.3%, P <0.0001) and a random-effects model was used. Current meta-analysis showed that there was no significant difference between the LIA and ITM groups in terms of morphine equivalent consumption at postoperative 24 hours (SMD = -0.186, 95% CI: -0.866 to 0.495, P =0.592; Fig 6) .
Morphine equivalent consumption at postoperative 48 hours
Four studies [10, 15-17] provided morphine equivalent consumption at postoperative 48 hours following joint arthroplasty surgery. Significant heterogeneity was found (χ2 = 23.12, df = 3, I 2 = 87.0%, P =0.00), therefore a random-effects model was used. Meta-analysis revealed that there was no significant difference between the LIA and ITM groups in terms of morphine equivalent consumption at postoperative 48 hours (SMD = -0.555, 95% CI: -1.289 to 0.180, P =0.139; Fig 7) .
Length of stay
Three studies [10, 15, 16] showed the data of length of stay. No significant difference was identified (χ2 = 0.03, df = 2, I 2 = 0%, P =0.985) so that a fixed-effects model was used. The pooled results showed there was no significant difference between groups regarding the length of stay (SMD = -0.016, 95% CI: -0.304 to 0.272, P =0.914; Fig 8) .
Nausea
Four studies [10, 15-17] provided the incidence of nausea in treatment groups [10] [11] [12] . No significant heterogeneity was found in the meta-analysis and a fixed-effect model was applied (χ2 = 0.72, df = 3, I 2 =0%, P=0.868). The pooled results showed the incidence of nausea was significant higher in ITM group compared the LIA groups (RD = -0.103, 95% CI: -0.197 to -0.010, P =0.030; Fig 9) . 
Vomiting
Pruritus
Four studies [10, 15-17] provided the incidence of pruritus. We found no statistical heterogeneity and a fixed-effects model was applied (χ2 = 0.78, df = 3, I 2 =0%, P=0.855). Present meta-analysis showed the incidence of pruritus was significant higher in ITM group compared the LIA groups (RD = -0.153, 95% CI: -0.231 to -0.074, P =0.000; Fig 11) .
Discussion
To our knowledge, this is the initial systemic review and meta-analysis from randomized controlled trials to compare the effectiveness and safety between local infiltration analgesia and intrathecal morphine for pain control in joint arthroplasty surgery. The most important finding of the present meta-analysis was that local infiltration analgesia could significantly decrease the pain scores postoperative 24 hours during rest or mobilization. Furthermore, there is a decreased risk of nausea, vomit and pruritus in local infiltration analgesia groups. No significant difference was identified in term of morphine equivalent consumption.
With the aging population, the incidence of osteoarthritis of knee and hip trends to raise, joint replacement surgery is a popular treatment. However, pain suffering that patients faced can be challengeable. A consensus has been reached that early rehabilitation exercise was crucial for functional recovery and a decreased risk for thrombotic events such as deep vein thrombosis showed that both the rest and mobilization pain score in TIM groups were significantly higher than that in LIA groups in the first 24 hours. No significant difference was found in the second 24 hours. Traditionally, anesthetist was considered to responsible for perioperative analgesia.
According to our viewpoint, we can see that surgeon should be also responsible for analgesia following surgical operation. To achieve better analgesic effect, it would depend on the development of multi-disciplinary. This is an important finding of the present meta-analysis.
Opioids, including oral and patient-controlled-analgesia (PCA) administration were usually performed as concomitant postoperative pain management. The consumption of morphine M A N U S C R I P T
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10 equivalents is considered as an objective way to measure pain. Besides the side effects above, drug dependence is also an important issue that should be noted. To minimize the opioids consumption could achieve potential better physical outcome [5] . A similar outcome of morphine equivalents consumption has been observed between LIA and ITM groups within postoperative 24 and 48 hours following total joint arthroplasty.
Postoperative pain would result in additional morphine consumption would lead to a long-time bedridden which increased the risk of rehabilitation delay and occurrence of thrombotic strategies to achieve satisfied analgesia and low risk of adverse effects.
--
Conclusion
Local infiltration provided superior analgesia effects within the first 24 hours compared intrathecal morphine following total knee and hip arthroplasty. There were fewer adverse effects in LIA groups. Doses of morphine consumption were similar in two groups.
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